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Background of the Invention 

i    Field of the Invention 

composite transducers. 

i Racteround of the Related Art 
,   •      ,ha, utilize a piezoelectric ceramic to convert 

Piezoelectric transducers are devtces that utrlrze     P 
.wtrical energy into mechanical energy. Transducers „.echanicalenergyintoelecuicalenergyorelec.tcalen  „ ^ 

have„umeroUsprac,ica,app.icationsinc,udi„ginhydropho„esf0rde,ect1ng 

the desjraoi   v   ^ hx md 

piezoelectric material should exhibit good hydrostattc response, 

l^ase piezoelectrics, such as those made o, single-phase ,ead donate *-. (PZ.) 

:;L Piezocectric materia,, are not - suited tor use as monol.c ,arge 
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::;„,... of to ^.-»—»-—c—-7 
1* ana — * - - — - — - *-* ^ 

configuI,,o„s soeh  as —^» —•  - — —- 

pi£Zlriea,, aeri.e Phase. ^ a P— _, b — .* a ^, 

1 Lh— ,o—ona, she« - , P-ed * -** sriff »p an. «- 

activation ("cover") plates. _ 

ln . ..phase s^ena such as in a p— —**- «— 

:omp„she „ — , *e — - — > ~ - - > ^' 
, ♦    i   Tnnnectivitv and Piezoelectric bribed bv Newnham et al,   Connectivity <m 

Under a notation system described oy IN 

^ > a .o-phaae «***- — 0-0, -0, ,0, 3-0. M. » ,, ^ 

" , „» Uae « nnn^a. **. - - se,f-connectedness - - — - *" 

numera. referring .o *e setf-connectedness of .he po.ymer. 

„. s^esf We of P—ric «-**- —e „ a „,e «* « 

conÄ« * a conaposhe Una, has d^e „on—ed p— —c P^ 

_ded * a PO,.« - - > —ed > _ d—. Ce—e 

^~«.—-—^~*^77I- 
„      „•    nf Flexible PZT Composites" Ferroelectncs, .,    •        *oi »PxTnelectric Properties otb lexiDier^i v.     v 

al, in W. B. Harnson et al,  Pyroeieciru. r   v 
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Docket No.:  N.C. 77,898 Chase 
„•s Name: Man,^ K* - ^^ ^ ^^ 

,, i 0-7 «« m-128 and in W.o. narribuii. 
198„,vo,.27,ppn5n ^^^.J^P.:«. 

ProceedmgsofmeWortshoponSonarW „^ 

v „  ,975 all of the above incorporated herein b> reference. 

• •„ are relat.vely easv and inexpensive to make by the steps of 
— - 0, connect are . ^ ^ ^ ^ 

t  ft "* niezoelectric ceramics is that since uic v 
u     .mnnsite The disadvantage of   Oo piezoeie the composite. ^ paft acf0SS 

———-~: ^i-.—-« piezoelectrically inactive material, and the overa  p 

of the ceramic itself. _ tivity, 
^ overa« pie—c response is improved in composes havrng . 

•   ,w is self-connected in one dimension (i.e., 

•   «Tvoically the ceramic phase is in the form of an array 
toe drmensron, Typ.ca.ly, d> ^ ^^ 

to the poling direction and he.d together by the polymer matnx. 

„smgsrdesofthematn^spaKntNo,,527,4s0.oB„eyeta1,a,Pa,entKo.Mn,US 

l0K.icKereta.,andaS.Pa.en that tey Me more complex structures drat can 

ho dif,u,t and .abor intensive ^^^^^^^ 

comp„si,es * -3 connectivity by covermg p^ectrrc 
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--TTH«———— 
force to the polymer matrix. ™ 

difficult and labor intensive to manufacture. 

Summary of the Invention 

Mother object of .he invention is to prov.de a transduc 

method of making a 

mother obiee. of the invention is to prov.de a transduc 

„ he cast easily as a wide composite sheet to large area d=v,ces. <—that can be cast easdy 

Another object of the inventton ts to prov.de a o 

• «a force transfer between *e cover piates and the piezoe.ectnc 
transducer that has improved force trans. 

,     , mctriv havine top and bottom 
• •        .nhstantially two-dimensional polymer matrix having    P 
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« Prfe, ,o the p.ane o, the P*~ — - - ^ " «* ^ ^ 

onc .„.er - paraUe, .o, * no, cop.an, * - *- - - *- -» . 

*. „nsducer o, «. present —„ copses the ceramic-po.vmer —    as 

descnbed above where, - -P an, hottom — - - — — * ' '^ 

beulen the top and bottom cover plates. 1H„lliesleos 
^^o^a^Utece^cpo^eontpostteo^s—n tnc.ndes the * es 

mL, ^~*- -*-———ic ~ ^ i: 
. ,ayer of entaUe po»mer resin, so tna, each o, * — *—* — -* * 

• . „ m;^H1p nortion contained within the 
. ,ower pottton embedded in the .aver of phab,= materta,, a mtdd.e portto 
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•   , of the sintered piezoelectric ceramic granules are flattened to form 
aranules. The upper pornons of the sintered p 

mau, The ,o.e, portions of the sintered pie—c ceramic granu,es are a,, flanened to 

^erma^Bothflnecopianartopsurfacesandmecopianarhonomsurfacesarespaeeaa.a, 

from from «he top and bottom surfaces of the po.ymer matrix. 
♦■     a i*vpr of electrically conductive matenal 

To make the transducer of the present invention, a layer of 

,       „H ,n the eoolanar bottom surfaces of each sintered 
is applied to «he coplanar top surfaces and .o the coplan 

„nl,t« are then applied to contact the layer 
piezoe.ectric ceramic grantde. Top and bottom cover pia.es are 
P
ofeleclrlc,,yconduc,ivema«er,a,onthecop,anar,„panabonomsurface,ThedeWe,po,cd, 

Brief Description of the Drawings 

Fi, , (a - e, are schematic eross-sections showing steps in «he method of ma,ng die 

14 transducing composite. 

Fig „.) shows «he ceramic granu.es parti* embedded in a pliable „atena.. 

Fi, «»shows«heceramic granulespartiafly embedded m a ptiable «nateria. and 

partiafly embedded in a .ayer of curable polymer resin. 
Fi,1(c)shoWs*eceramicgranu,esemhedded,nmep,iablema,eri,andparUa,.y 

embedded in the cured polymer matrix. 

Figure Hd, shows the ceramic granules in «he po.ymer matrix after «he pliab, 

material has been removed. 
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ceramic granules have been ground. 

F, 2 ,s a schema,« cross-section of the preferred P—rrc transducer, — 

cov er plates, of the present invention. 

De.ai.ed Description of the Preferred Embodiments 

„. —ng composite of me present invention comprises a monomer of sentered 

Ze j .annies nsed in the present .nation are —* «, sintered, P^stamne, 

Z-—--—••——l-,i-2,•,l,,^:,; 
L „ sha. — spheric, or .hndric, or ,*-* *. .anuies - „-> W 

iJ.mtoprecnrsor^esa.ntW.^man.edes.dsi.ofmesmtered^ 

^e plsor .anu.es m. * *- * - - ~ " ' - " ~ ^ 

surfaces      y make automated 
forexa„,p,,iow intensity naiiiing to obuain more rounded shapes m 

—er assemh, easier. Theprecnrsor.anniesare.cnsinteredtoadenst.aho.Wof 

„ . panWar transducer „ - ~ *e snnae si« and shape. U is pa— destrah.e 

„ glies have ahou, me snme height, that is, the same dimension perpendicuiar to   e piane 
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process described below. 
u    C«H Preferablv the piezoelectric ceramic 

Any piezoelectric ceramic composinon may be used. Preferably      P 

is PZT-5H (a doped lead-zirconate-titanate). 

compreSsib,h,'and « so ma, h can ho.d me cerarmc .anmes and redoce * ^ 

r» ^ — > p«*- **- -is made from a curab,e po,yme;rem 

^essandhas.opandbonomopposin.sides.The^sormepoiymerma.x.siess.han 

out of the bottom side of the matrix. 
Xbespacin.anddis.Hbohonormeceram.c^esinmemam.dependsonmem.ended 

use of «. composi, The spaci»g - —on, a,so caUed me -ceramic W*. may be 

. - perpendieoiar . me piane of me -■ * *■ —e is . be used as a pass« 

25%toaboUt35,.,fmec„mposHeislobeosedasaproiectortoldghpoWer sound .„eraoon, 
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jchamtolly in 

The «ansducing composi.e may be made by a senes of sups as 

,,< are disused across and partially embedded 
Fig ,(«). Simered piezoelecric ceram.c granules are d.sperse 

8 ■    i.       ,„,;,- oranules have the same spacing 
in a pliable matena. to form a mono.ayer wherem me cerarmc granules 

.   „   •   d for the finished composne. Pig. Ha, schematic^ shows the 
Md aisuibution as ,s desned for 

mo„o,aver of sintered piezoelectric ceramic grannies 1 pamally 
.    ,1 that can serve to cover the lower portmn of the 

, ft pliab.e material can he any materta, ma, ^ 

granules during the formation of the po.ymer ma«, and ma,     east.y 

Ur mat™ is formed. Prefer*, *. ,* — is par,* cured cemen   Oher 

la, ma,., inch, porous si.icon rubber, paraffin or omer low me,,, _ ~- 

shown ^a, > * >», - -* — «* — " ^ ^ 
•   7 en that each of the ceramic granules 1 has a lower 

«ith a laver of fluid, curable polymer resm 3 so that each 

i„ ,,-, - — - -—- "■"""" ":TI 
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..    „«•» and "lower" portions, top   ana 
composHea„athetta,sducerof*eptese„ti„ve„t,o„1o   upper and P 

rf       or W and -bottom" cover plates are made only for conven,ence. 
-bottom" surfaces or up and ^ 

Theupper and ,ower portions of the ceram.cBranu.es are flanened        y 

, e t0 produce ,he transducing composite ,1 as shown in Fig. K0 where.n each 
such as by grinding to produce 

, fit surfaces 7 and 8 and «herein the «op surfaces 7 and the botto 
grannie has top and bottom flat surfaces ^ 

5urfaees 8 are substan.ia.-y cop.anar and paraUe. to, but spaced away from, 

polymer matrix 9. Preteraoiy, F 

•        f the aranule protrude about 0.! to about 1.0 mm from the surface 
bottom portions of the granule pr 

11 P°lymer matriX 9- wlv embed the granules in a 
MaUematlve method to make the composite,,o comply embe 

v   ^ w cnluble matnx such as a wax 

,     an be flattened by grinding before or after Ute solvent treatment, 
^acesofthegrannlescanbeflattene    yg (tecW, 

T„ make the transducer of the present invention, the ceramic . 

granulesTopandb„ttomcoverp,a,esarethenapp,ied.Xbecoverp,a,esservetoe,tberttansm 
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cortac,s an. — - ,op eroded spaces of me ceram.c ^   , 

H, conduce — * e— „ ,op and bonom fta, spaces - - ceramuc 

educe, ^ ^ «.1.—-. - - *—- —d wh:,h ;e ■   •      •   flatness and parallelism are compensated for. 1 he 

can then be cured after the cover plates are put rn place. Because th conductive epoxy can men bee 

plates con^ ordy Ore eroded ceramic grannies, aft üae 

the envftonmen, Is —ed «recfty to *e ceramic sranu.es. 

*.„*.-.---•»**--* any convenfton, means, sneb as by e^g 

it to temperatures near iw 

transducer comprises me — compose U. . desenbed above, baving a —er o 

ceramicgrann,es1eacbhavmgauPperPonion6andaIowerPortion4p—.*.*»- 

L.bercneacb.anmebasropanft.nomna.sur.ces^dS, — ftae ,oP ^s 

C---—-—--——tft; 
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Cectrically conducting ma.erial on «he .op 

te laver, 3 of eleCricaUy conduct ma.enal on .he bottom Ha. surface , Because 
the la\er u 01 do not 

granu,es «.end beyond .he p.ane of .he - — - ** -* / 

contact the res.n m ,„ between the top and bottom 
,,     ,„ AsCall8ismenplaeedalongmeedgesl9and.UDe 

plates 14 and 15. A seal environment 
,„ , ,he interior of me transducing eompostte ,s .solated from me 

cover plates so that the interior 01 

d   er Tine entire transducer as a who* may be co,ed on its outs,de W.Ü, 
oulside me ttansducer. The ^^ ^ 

encased in, a suttable impedanee-ma.chmg epoxy. This can pro 

•      ,he following examples are given <o illustrate speeific Having described the invention, the followmg e 

, „■     ,„e best mode now known .o perform me mventton. 
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18 EXAMPLE 1 

Examples 

A prcotype transducer was constmcted in me following manner: 

a in.o a cylindrical frame having a inner diameter of 
A layer of DUCO cement was poured into a cylinun 

20 , Wintered PZT-5H piezoelectric granules 
21 4, cm and was allowed to par.* cure. A monolayer of sintered 

12 
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an, — PZT SH po.aer, « *- — - *« °< ""* ~* ^ " " * 

,hegranule,TheePoXywascUreaovemighlalWC.T,ePoXya„acemen,embeaaeagranUles 

wherei„ a.u^ n™ of each .ann, P^aea fTOm .ne .na^x on »ch Siae. T,e granUte weK 

•.   ™ , surface erinaer ana using a grinaing wheel to 
then nattenea by monnting the compos.« on a surfaee gnnd 

ph;nolic wete anachea to the top and bottom - the composite so Uta, ,e top covet plate 

<■      „f the granules ana the bottom cover plate comactea all 
contactea all the coplanar top surfaces of the granules an 
.ecop.anatbottomsutfacesofthegtunules.Thespacebe.eenaaetopanabohomcovetplates 

along the petimetet .as se« * a tubbet sea, by app.ing — «* W - • 

ceramicteknessa,WCforlOmi„utesanaeX,emaneaasweteaUachea,ouaetopanahat,om 

13 
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found to be 144 pC/N. 

EXAMPLE 2 

Additional prototypes were constructed as folio«- 

A ,aver of DUCO centen, was pouted into a stpiare frame having a inner dimens.ons of 

4 x 4 incs and .as allowed to partly cute. A monolayer of sinteted PZT,H p— 

..     „, „f 7 6 s/cc and a diameter of about 12.5 mm, made 
granules having a cylindrical shape, a denstty of 7.6 g/cc and 

•     •    P7T 5H nowder were spread across me layer of partially cured cement by forming and sintering PZT5Hpowaer, we     y 

granules „as about 2S - The granules were pressed mto U, cement so ma, about 4 mm o 

^^-^..^^—^-^^B7t 
epoxy resht was poured over the granules to cover al, bu, the top 4 mm of the granule, The 
^.ascuredhyholdingatVO-Covemight.Theepoxyandcement-embcddedgran.eswere 

H .he oartially cured cement was removed by dissolving it in acetone, 
removed from the frame and the partially cureu 

ri«d ceramic granules embedded in an epoxy matrix wherein about 
The resulting composite comprised ceramic granu 

bymountingmecompositeonasurfacegn„derandUsingagrindtagwhee,t„grtad,eexp„sed 

b£,ng spac£d „ . dl_ of .out 1 mm from me top or bonom surface of *e mamx   , 

14 
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beWeen,epUeSsotha,üleinttriorof,he.vicewasSeaWdofrfromlheeX,emaUnvi— 

1Omi„UleSa,deXtemalleaaswereanachedtotheloPatlabottomcoverPU=,The(i5!Ksponse 

in Example 3 

u Atransdac —-— ,.*.^-*-«-'. —«--—' 

O.vious.y.manyn.oc.mca^anavaHaaonsofUaepresen.invenüona.epossiHe.nhsM 

u- „c it ?Q therefore to be understood that 
14 of the above teachings. It is thereiore iu 

4e invent may be praciced othenvise Ü» as specify described. 

16 

15 



SÄi^-SS* U- and Ma* Clasa 

PATENT APPLICATION 

ABSTRACT 

A ,— .-**~ •—» - -. of a —r -*— 

II, - a ^ ^ P— - *e «- - - - — ~ — 
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form a matrix 
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Fig. 1 (a) 

Fig. 1 (b) 

Fig. 1 (c) 

Fig. 1 (<*) 

Fig. 1 (e) 
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